Measured pH in the soil solution during incubation
. pH values of surface (2 cm) and subsurface (9 cm) layers for Low-S and High-S soil columns 
Eh-pH diagram for Cd speciation in the soil solution
The equilibrium reactions and equilibrium constants (log K) of Cd species were based on Lindsay (1979 Fig. S3 . Redox speciation of Cd in Low-S and High-S soils with and without ZVI. Data points correspond to subsoil Eh and pH values when Cd was detected in the soil solution (see Fig. 3 ). For High-S +ZVI soil (filled red circle), for example, soil solution Cd was detected at the first and second sampling periods, and therefore two data were plotted. Red and blue arrows indicate time sequence of Cd speciation in High-S and Low-S soils, respectively. This diagram does not take into account changes in stability based on variable ion concentrations. Summary of S speciation determined by the peak-fitting procedure Fig. S4 . Proportions of different S species in the Low-S (left) and High-S (right) soils determined by the peak fitting analysis on S K-edge XANES spectra. These data corresponded to Table 3 that grouped S species into reduced (<2475 eV), intermediate (2475-2480 eV) and oxidized (>2480 eV) forms. Table S1 . A summary of Cd fractionation methods †. 
Detailed method and procedure for sequential Cd extraction

Summary of linear combination fit (LCF) on Cd K-edge XANES spectroscopy
2 ‡ The result of second-best fit of Low-S +ZVI (Subsurface) was not shown due to poor fit (R value) with one order different from that of the best fit. Supporting information for soil properties Table S4 . Available cation concentrations of Low-S and High-S soils determined by Mehlich-3 extraction 
Reference characterization of S K-edge XANES spectroscopy
Soil K Na Fe Mn Cu Zn ------cmol c kg -1 ------ --------------------------mg kg -1 ---------------------- Low-S (Kahi) 0
Preparation of Cd reference compounds for XANES spectroscopy
We included the reference standards representative of Cd phases in the soil:
CdCO 3 , Cd(NO 3 ) 2 , CdCl 2 , CdSO 4 , Cd(OH) 2 , Cd(CH 3 COO) 2 , CdS (purchased from Wako Ltd., Japan), and Cd sorbed on ferrihydrite, gibbsite, birnessite, humus and kaolinite.
Ferrihydrite, gibbsite, birnessite were synthesized by referring to the method described in Schwertmann and Cornell (2000) . Humus was extracted from allopanic Andisol and then purified (Yonebayashi and Hattori, 1988) . The standard reference samples of kaolinite (JCSS-1101b) was purchased from The Clay Science Society of Japan. Humus dissolved in water was mixed with Cd(NO 3 ) 2 solution at pH 4.0 and equilibrated for 5 days.
Aggregated humus-Cd complex was collected by centrifugation at 6000 g. The synthesis of Cd sorbed to gibbsite, ferrihydrite, birnessite, and kaolinite were conducted at pH 5.0, with Cd(NO 3 ) 2 (ionic strength 0.01 mM NaNO 3 ) for 72 hours of equilibration (5 days for gibbsite and ferrihydrite). After each sorption experiment, the suspension was centrifuged and washed three times with deionized water.
We did not do any corrections for self absorption since our samples (adsorbed Cd references and Cd in soils) have variable density, particle size and elemental compositions.
If self absorption significantly affected our XANES spectra, we would expect to see a decrease in the white-line peak intensity with increasing absorbed Cd. However, the white-line peak intensities for Cd associated with soil colloids (e.g., feriihydrite) remained virtually the same with those of diluted Cd references [e.g., Cd(OH) 2 ] measured by transmission mode, indicating that self-absorption did not measurably impact our result.
Self absorption should be negligible for the soil samples because of its lower Cd concentration (Tröger et al., 1992) . Previous studies have also face the same issues regarding the XAFS analysis on soil and adsorbed references by fluorescent mode (Khare et al., 2004; Strawn et al., 2002) .
